Introduction
Epidemiological data indicate that cross-contamination during food preparation contributes notably to the occurrence of food-borne diseases 1 . To ensure that food is microbiologically safe, both food handlers 2 and the food itself must be monitored on a permanent basis 3 . Commercial production of sugarcane juice consists of a small number of operations, but this critical process can lead to the introduction of microorganisms or the proliferation of those already present. Possible sources of microbial contamination have been identified as (i) unhygienic handling; (ii) the raw material itself; (iii) inadequate cleaning of the sugarcane press, knives, contact surfaces, clothes, and vendors' hands; and (iv) airborne contamination. This paper used standard microbiological and parasitological methods to evaluate the quality of sugarcane juice, the microbiota on vendors' hands, the handlers' hygiene habits, and conditions under which the beverage was sold in São Carlos, São Paulo, Brazil. sites were randomly determined, based on the places where sugarcane juice was sold by street vendors in São Carlos. At each point of sale, one sample of sugarcane juice was taken for microbiological and parasitological analysis and pH measurement. After free and informed consent, the sanitary conditions of 19 vendors' hands were determined using bacteriological analyses, and questionnaires were used to measure the vendors' knowledge and regular compliance with proper hygiene.
Material and methods

Survey
Sample collection
A total of 300mL of freshly extracted sugarcane juice with no lemon added was collected at each site and stored in a sterile plastic bag under aseptic conditions.
Bacteriological analysis of sugarcane juice
Microbiological analysis included isolation and identification of potential pathogens according to standard procedures for the number of heterotrophic bacteria, most probable number (MPN) of total and thermo-tolerant coliforms, and presence or absence of Salmonella in a 25mL aliquot 4, 5 .
For heterotrophic bacterial counts, decimal dilutions (10 -1 -10 -4 ) of the product were made, and aliquots of 100µL were spread on Plate Count Agar (35 o C/24-48h).
The MPN of total and thermo-tolerant coliforms was determined, following APHA 4 recommendations. In brief: three serial dilutions (1mL, 0.1mL and 0.01mL) were inoculated in Lauryl Sulfate Tryptose broth (35 o C/24-48h). Positive tubes (gas formation and turbidity) were seeded in Brilliant Green 2.0% Lactose broth (35 o C/24-48h) and EC broth (45 o C-24h).
Positive tubes from Escherichia coli broth were streaked on Eosin Methylene Blue Agar. Typical E. coli colonies were stabbed in TSI agar and identified biochemically.
Presence or absence of Salmonella spp. was determined as recommended by APHA 4 , and 25mL of the sugarcane juice was placed in 225mL of peptone buffer water. Aliquots of 1mL were transferred to tetrathionate and RappaportVassiliadis broths (35 o C/24h and 42 o C/24h, respectively) and a loopful of each suspension were streaked on SS agar and XLD medium (37 o C/24h). Suspected Salmonella colonies were submitted to standard biochemical and serological tests (agglutination tests performed with polyvalent serum).
Bacteriological analysis of hands
The swab method was used for Salmonella and coliform determination on hands. The swab was moistened in buffered peptone water (pH: 7.2 ± 0.2), and microorganisms were removed mechanically. The swab was placed in the same peptone tube and incubated (35 o C/24-48h), followed by streaking in SS, XLD, and EMB agar. After growth, the typical colonies were identified using EPM-MILI and Simmons Citrate Agar. For heterotrophic counts, hand-printing on Plate Count Agar was used (35 o C/24-48h).
Parasitological analysis
The sedimentation and concentration method using 200mL of sugarcane juice (7 o C/24h) was used to detect cysts, eggs, and larvae 6,7 in the samples.
Results
As shown in Table 1 , six (25%) of the 24 sugarcane juice samples displayed inadequate hygienic-sanitary conditions, exhibiting thermotolerant coliforms in higher numbers than allowed by the Brazilian National Health Surveillance Agency (Agência Nacional de Vigilância Sanitária -ANVISA) 5 . Samples analyzed in this study had a mean pH of 4.89 (Table 1) .
The heterotrophic bacterial counts in the sugarcane juice showed some variation (1.0x 10 4 -6.3x10 6 cfu/mL), and total and thermo-tolerant coliform counts varied from < 3 to > 2,400 MPN/mL ( Table 1) .
The parasitological results were negative for worms and protozoans in all the juice samples analyzed (Table 1) .
Seven samples from vendors' hands (37%) yielded thermo-tolerant coliforms, and one sample (5.3%) showed E. coli. Heterotrophic counts on hands varied from 7.8x10 1 to 2.0x10 3 cfu.
According to the questionnaire, 57% of food workers were unaware of either the importance of maintaining proper hygiene with equipment and utensils or the likelihood of causing a food-borne illness, while 62% were either unfamiliar with or failed to adopt proper hygienic practices for food handling.
Salmonella spp. was absent in all the sugarcane juice samples. The results also showed absence of Salmonella spp. on the hands of the food handlers.
Discussion
According to this study, 25% of the sugarcane juice samples failed to comply with ANVISA legislation regarding thermo-tolerant coliforms 5 . A study on the quality of food sold in the streets in São Paulo showed similar results, with thermo-tolerant coliforms in 30% of the samples 8 . Soccol et al. 9 , studying sugarcane juice, found high coliform numbers, with 78% of their samples contaminated. The pH range of 3.40 to 5.34, inappropriate for the growth of most pathogens, can cause food-borne diseases.
The heterotrophic bacterial counts in the sugarcane juice showed some variation, as did the total and thermo-tolerant coliform counts. These results probably reflect the inadequate sanitary conditions of sugarcane itself, the equipment, and the water used by handlers to wash their hands.
The parasitological data showed negative results for worms and protozoans in all the samples analyzed.
The data presented here suggest that sugarcane juice could be contaminated microbiologically by factors such as equipment and utensils with inadequate hygienic conditions, utensils left uncovered, trash cans left open and in unsuitable places, and infrequency of hand-washing. Cross-contamination during food preparation has been identified as an important factor associated with food-borne illness 10 . In this survey, the sugarcane press, utensils, and food handlers' hands were not properly washed. The food handlers only used plain water to wash their hands, the press, and working surfaces.
The presence of E. coli and other coliform bacteria is generally an indication of fecal contamination of water and food. Seven samples from the hands of food handlers showed the presence of thermo-tolerant coliforms, and in one sample E. coli was present, which could be explained by inadequate hand-washing by food workers and the absence of good manufacturing practices. A survey of retail food establishment 11 showed similar results: only 52% of the food handlers knew how to wash their hands.
In the present study, 57% of food workers were unfamiliar with the importance of maintaining equipment and utensils in hygienic conditions. Similar results were found in a study on hotdogs 12 . Inadequate hygiene was due mainly to lack of knowledge rather than negligence with proper precautions.
In relation to the variation in the heterotrophic counts on hands, it can be assumed that the handlers processed this beverage without washing their hands adequately.
Salmonella spp. was absent from all juice samples and food handlers' hands. However, Bastos et al. 13 found a correlation between coliforms and Salmonella spp.
The best way to reduce such risks is to train the people involved in food-handling 14 . Cleaning procedures for food contact surfaces should be evaluated, and special attention should be given to items used during processing (gloves, baskets, kitchen towels, and hand tools) 15 . 
